Two field experiments were conducted during 2016 and 2017 summer seasons in a private farm near El-Mahalla El-Kobra, El-Gharbia governrate to evaluate the effect of three NPK levels (100, 75 and 50 percentage of NPK recommended dose) and NPK foliar application (with or without foliar NPK spraying) with three foliar activators applications (chitosan, moringa leaf extract and lithovit) as well as tap water as a control and their interactions on vegetative growth characters, ion percentage, yield and its quality of cucumber plants cv. prince. Obtained data revealed that 100 % of recommended NPK (120 kg N, 50 kg P 2 O 5 , 100 kg K 2 O/fed.) and foliar application with NPK at 3 g/l combined to foliar application with chitosan at 3 g/l gave the highest values of yield and its components i.e. (number of fruits, fruit yield/ plant, early and total yield/fed.), while 75% NPK of recommended dose (90 kg N, 37.5 kg P 2 O 5 , 75 kg K 2 O/fed.) plus NPK foliar application with spraying moringa leaf extract at 10 ml/l gave the highest values of vegetative growth parameters i.e. (number of leaves/plant, shoot fresh and dry weight, plant height), also chitosan at 3 g/l combined with foliar NPK and 75% of NPK recommended dose as soil application gave superiority in N, P and K percentage in cucumber leaves, in addition, total sugar, TSS and total chlorophyll in cucumber fruits. Thus, it can be recommended that use 75% NPK from recommended dose plus foliar application NPK and foliar spray with moringa leaf extract applications to decrease mineral fertilization which reflected on reducing production costs and mitigate the environmental pollution and protect the human health.
INTRODUCTION
Cucumber (Cucumis sativas L.) is the most important vegetables and economical popular member of family cucurbitacea. In Egypt the cultivated area of cucumber were 55620 fed. producing 495982 ton with an average yield 8.92 ton/feddan (FAO, 2017) . Cucumber fruits are moisturizer for human body and decrease its need for water. Cucumber fruit contains edible portion carbohydrate (3%), total fat (0.5%), protein (1%) and dietary fiber (1%) (USDA, National Nutrient Data Base, 2014) Mineral fertilizers were provide soil with nutrients in order to healthy growth of plant, crop production and yield quality, alternatively using huge amount of mineral fertilizers led to deteriorates in soil health and pollute environment then raise the production costs (Savci, 2012) .
Therefore foliar application considered one of the strategies used to decrease the harmful effects (Jamal et al., 2006) , moreover it is the fastest to penetrate through plant tissues and remedy the nutrients deficiency especially under the Egyptian conditions because the soil solution pH is alkine which lose nitrogen in ammonium form, while phosphorus was fixed.
Chitosan is a natural compound derived from chitin, a polysaccharide found in exoskeleton of shell fish is known to possess biological activity (Gronik et al., 2008) . Islam et al. (2016) and Eladawy (2017) showed that foliar application with chitosan enhanced plant growth, yield and its component of tomato and artichoke, respectively.
Moringa leaves extract (MLE) contain natural antioxidants which used to avoid environmental stresses (Elzaawely et al., 2017) . It contains essential mineral, fibers, protein, sugars and vitamins (El Sohaimy et al., 2015) , also have phytohormones, cytokinin (zeatin), auxins and gibberellins (Howladar, 2014) that improve plant growth and yield. Abd-Elrhem (2017) mentioned that using MLE increasing vegetative growth, yield and quality of snap bean under early summer season.
Lithovit is a natural CO 2 nano-fertlizers. It contains magnesium carbonate (41%) a source to magnesium which plays a role to chlorophyll synthesis, also contains silica (5%) that plays important role in environmental stresses (Raven, 2003) and contains calcium carbonate (24%) that increases the intensity of photosynthesis. Abdel Nabi et al. (2017) showed that sprayed head lettuce with lithovit increased vegetative growth, yield and quality.
Thus, this work aimed to study the usage of different levels of NPK fertilization, NPK foliar fertilization and some plant activators on vegetative growth, ion percentage, yield and fruit quality of cucumber.
MATERIALS AND METHODS
This study was conducted during two successive summer seasons of 2016 and 2017 at a private farm near El-Mahalla El-Kobra district El-Gharbia governorate to evaluate the effect of NPK levels, foliar fertilization with NPK, foliar activators applications and their combinations on vegetative growth characters, ion percentage, yield and fruit quality of cucumber (Cucumis sativas L.) cv. prince. Factorial experiments in split split plot design with three replicates were conducted in both seasons. This experiment included 24 treatments which were the combinations among 3 NPK levels (100% -75% -50 % NPK of recommended dose), 2 foliar NPK fertilization (with or without foliar NPK) and 4 activators foliar application (control -chitosanmoringa leaf extract -lithovit). The main plots were allocated to soil mineral fertilization, while sub and sub sub plots were to foliar NPK and activators application, respectively.
Seeds of cucumber were sown at 30 cm between each and other on ridges at 25 and 28 June during the first and second seasons, respectively. The plot area was 10.5 m 2 (1.5 m width X 7 m length). Some physical and chemical properties of the experimental soil are presented in Table1 during the two seasons. The recommended dose of nitrogen fertilizer was added at 120 kg N/fed. (ammonium nitrate 33.5 N%). Calcium super phosphate (15.5% P 2 O 5 ) was added at 50 P 2 O 5 /fed. and potassium sulphate (48% K 2 O) was added at 100 K 2 O/feddan. Nitrogen and potassium doses were divided into two equal parts; the first added at 21 days from sowing and the second after two weeks later, while phosphorus fertilizer was added before sowing. NPK (20:20:20) was used as foliar fertilization five times every 10 days started after sowing at the rate of 3 g/l.
Chitosan was used at 3 g/l and prepared by dissolving in acetic acid solution. Moringa leaf extract (MLE) at 10 ml/l was prepared according to Culver et al. (2012) and lithovit was used at 1 g/l. The plants were sprayed with activators applications three times 15, 30 and 45 days from sowing using spreading agent to improve adherence of the spry to the plant foliage.
Data recorded:
After 60 days from sowing five plants were randomly taken from each plot to perform the following measurements: Vegetative growth characters: represented as plant height (cm); number of leaves/ plant and shoot fresh weight (g/plant). Shoot fresh weight was oven dried at 70°C till constant weight, then shoot dry weight was recorded (g/plant). Ion (N, P and K) percentage: -Nitrogen, phosphorus and potassium content were determined in dry leaves by the method according to AOAC (2012).
Yield and its components:
Cucumber fruits of each plot were harvested at proper stage counted, weighted and the following data were calculated: -No. of fruits/plant. -Yield/ plant (kg) -Early yield (ton/fed.): It was calculated from the first four pickings. -Total yield (ton/fed.). Fruit quality: -Total Soluble Solids (TSS) percentage: were determined by using Refract meter according to AOAC (1990) . -Total sugar percentage: was determined according to Malik and Srivastava (1979) . -Vitamin C (mg/100 g Fw): It was determined according to the method reported in AOAC (2012). -Total chlorophyll (mg/g Fw) was determined as described by Goodwine (1965) .
Economic feasibility:
(1) Cucumber marketable yield as average of two seasons.
(2) Gross return as marketable yield (Ton fed -1 ) x 3000 LE /Ton.
(3) Treatments cost were calculated according to the prices of all treatments: chitosan, moringa leaf extract, lithovit, ammonium nitrate, potassium sulphate, calcium super phosphate and NPK (20:20:20). (4) Total variable and fixed cost (LE fed -1 ) including:
Treatment cost plus land leasehold, seeds, microelements, pesticides, labors and other agricultural practices, which equal nearly 11250 LE fed -1 . (5) Net return (LE/fed.) and benefit cost ratio were determined according to Boardman et al. (2001) as:
Net return = gross return (LE fed -1 ) -total variable and fixed cost (LE fed -1 ) Benefit cost ratio = gross return (LE fed -1 ) total variable and fixed cost (LE fed -1 )
Statistical analysis:
Data were statistically analyzed according to the technique of ANOVA for factorial experiment in split split plot design according to Gomez and Gomez (1984) . The treatment means were compared using Duncan Multiple Rang Test (Duncan, 1955) .
RESULTS

Effect of soil mineral fertilization:
Concerning the effect of soil mineral NPK fertilization, data in Table 2 indicate that 100% recommended dose of NPK as soil application gave the highest values of the most plant growth parameters (leaves number, shoot fresh and dry weight), except plant highest in the second season, that 75% NPK gave the highest value.
Regarding ion percentage in the plant leaves, the data in Table 3 show that there were insignificant effect between 100 and 75 % recommended dose of soil NPK in N, P and K percentage.
Data illustrated in Table 4 reveal that 100% of recommended dose of NPK (120 kg N, 50 kg P 2 O 5 , 100 kg K 2 O/fed.) gave the high yield of cucumber, while 50% of recommended dose of NPK gave the lowest yield.
The data presented in Table 5 clear that 100% of recommended dose of NPK gave the highest values of vitamin C and TSS, but there were insignificant effect between 100 and 75 % recommended dose of soil NPK at total sugar, and total chlorophyll of fruits in the two seasons Effect of foliar NPK application:
Regarding to the effect of foliar application with NPK, data presented in Tables 2, 3, 4 and 5 proved that using foliar fertilization with NPK at 3 g/l enhanced significantly vegetative growth characters, ion percentage, yield and fruits quality of cucumber.
Effect of activators foliar application
Data in the same Tables show that activators foliar applications (chitosan, moringa and lithovit) increased significantly vegetative growth parameters, chemical composition, yield and its components and fruit quality compared to control treatment.
Concerning the effect of activators on vegetative growth parameters data in Table 2 show that moringa leaf extract at 10 ml/l gave the highest values of fresh weight, plant height and number of leaves without significant differences between chitosan and moringa on shoot fresh weight in two seasons and plant height in the first season, while chitosan gave the highest values of dry weight.
Regarding the effect of activators on ion percentage, and fruit quality data in Tables 3 and 5 clear that chitosan gave superiority on these parameters.
The data presented in Table 4 show that chitosan increased cucumber total yield (13.4% and 14.82%) in the first and second seasons, respectively followed by moringa leaf extract. 
Effect of interactions:
Concerning the effect of interactions among treatments on number of leaves, fresh weight, plant height data in Tables 6 show that used 75 % of recommended NPK (90 kg N, 37.5 kg P 2 O 5 , 75 kg K 2 O/fed.) and foliar application with NPK at 3 g/l plus moringa leaf extract at 10 ml/l gave superiority in all vegetative growth parameters. The highest values of ion percentage and fruits quality came from foliar application with chitosan combined with 75% of recommended NPK and foliar application with NPK followed by moringa leaf extract as shown in Tables 7  and 8 .
Regarding the interaction effects on number of fruits, yield/plant, early and total yield, data in Tables 9  and 10 show that fertilizing with 100% of recommended NPK (120 kg N, 50 kg P 2 O 5 , 100 kg K 2 O/fed.) and foliar application with NPK at 3 g/l combined with foliar amendment of chitosan increased yield and its components and resulted in the highest values followed by moringa leaf extract. 
DISCUSSION
The results of this study revealed significant increase in vegetative growth, ion percentage, yield and quality of cucumber with increasing soil fertilizers this may be attributed to the increasing of mineral fertilization dose in addition to the present quantities of the three element N, P and K in soil (as shown in Table 1 ) increased utilization of carbon and subsequent synthesis of assimilation (Lawal, 2000) . Increasing all evaluated parameters (number of leaves, shoot fresh, dry weight, plant height, yield/plant, early and total yield) in response to soil NPK fertilizer may be attributed to take nutrients up by plant and utilize in cell division, amino acid synthesis (Eifediyi and Remison, 2010) and several metabolic process which reflected positively on formation of photoassiilates that translocated to various sinks (fruits and growing bud) and therefore increased vegetative growth this led to enhance yield and ion percentage in plant tissues. These results are in accordance with those obtained by Feleafel et al. (2014) on cucumber and Doklega and Abd El-Hady (2017) on broccoli.
Foliar fertilization with NPK enhancing significantly vegetative growth characters, yield and its components these results may be due to the positive effects of NPK where rapid penetration was occurred through stomata and cuticle layer, also continuous supply of nutrients lead to balance of macro elements and increase percentage of N, P and K (as shown in Table 5 ) which improved vegetative growth and yield. These results are in harmony with those reported by Chaurasia et al. (2005) Using plant activators increased all measured parameters comparing to control treatment. In this regard enhancement effect of chitosan may be due to its content of polysaccharides which are important to increase plant metabolism phytoprotection and maintain plant health and consequently improve photosynthetic products and vegetative growth hence increased yield and quality. These results in the same trend with those obtained by Shehata et al. (2012) The improvement of aforementioned measurements allied with moringa leaf extract may be due to its high source of vitamins, amino acids, cytokinin and plant growth regulators (Mahmood et al., 2010 and Emongor, 2015) , enhancing growth compounds (phenolcs, ascorbate and minerals) which consequently enhanced vegetative growth and facilitates the mobilization of nutrients to fruits which lead to improve fruit yield and quality. These results are going with those obtained by Farouk (2015) The favorable effect of lithovit may be due to its contain of magnesium that rapidly penetrate the leaves and plays an important role in the formation of chlorophyll, which is reflected positively on the process of photosynthesis. Additionally it increases CO 2 concentration that enhance photosynthetic efficiency by increasing carbon assimilation, biomass and plants leaf area, consequently improve vegetative growth and yield. These results are agree with those reported by Farouk (2015) on potato, Abo El-Hamd and Abd Elwahed (2017) on okra and Doklega (2017) on potato.
Economic feasibility:
The economic feasibility of cultivation cucumber plants as affected by recommended NPK rates, foliar NPK application and activators (chitosan -moringa leaf extractlithovit) are shown in Table 11 . The results showed that the highest net return (9022 LE/fed.) was obtained under 75% recommended NPK plus foliar NPK application combined with foliar moringa leaf extract, also this treatment returns the highest benefit cost ratio (1.53) in compared to other treatments. Therefore this treatment considered to be economical for cucumber production under the condition of the present study. Table 11 . Economic performance of cucumber production as affected by soil mineral fertilization, foliar NPK and activators foliar application treatments during 2016 and 2017 seasons.
CONCLUSION
In spite of using 100 % of recommended NPK (120 kg N, 50 kg P 2 O 5 , 100 kg K 2 O/fed.) and foliar treatment with NPK at 3 g/l combined to foliar application with chitosan at 3 g/l gave the highest values of yield and its components. Economically, using 75% NPK from recommended dose (90 kg N, 37.5 kg P 2 O 5 , 75 kg K 2 O/fed.) plus NPK foliar application at 3 g/l with foliar moringa leaf extract at 10 ml/l gave the highest net return and high quality and mitigate the environmental from pollution and protect the human health due to decrease mineral fertilization by 25% under the similar circumstances at the experiment condition.
